Melt and fluid inclusions in evolved and simple granite pegmatites by Thomas, R.
Acta Mineralogica-Petrographica, Abstract Series 2, Szeged, 2003 
MELT AND FLUID INCLUSIONS IN EVOLVED AND SIMPLE GRANITE PEGMATITES 
T H O M A S . R. ' 
1 GeoForschungsZentrum Potsdam, Division 4.2, Telegrafenberg, 14473 Potsdam, Germany. 
E-mail: thomas@gfz-potsdam.de 
Selected examples f rom different types of pegmatites f rom different geologic environment - upper crust vs. lower crust -
demonstrate, that the fluid and melt inclusions provide valuable data on the temperature, pressure and composit ion of the 
pegmati te-forming fluids, which are not available f rom any other source. 
The Ehrenfriedersdorf granite-pegmatite complex, Erzgebirge, Germany 
From melt and fluid inclusion studies, Thomas et al. (2000 and 2003) have shown, that in the case of the Variscan 
Ehrenfr iedersdorf granite-pegmatite complex (Erzgebirge, Germany), complete miscibility between melt and fluid is possible 
even at considerably low pressure as suggested by Sowerby and Keppler (2002). The cause for this behaviour is due to the 
complex interplay of the volatiles H 2 0 , F, and CI, the semivolatiles B 2 0 3 and P 2 0 5 , and f luxing components such as L i 2 0 , 
R b 2 0 , and C s 2 0 along with the S i 0 2 and A1203 in the melt. The most intriguing peculiarity of this system is the existence of a 
solvus with two coexist ing pegmati te-forming melts at pressures < 100 MPa (Thomas et al., 2000). Complete miscibility was 
attained at 712°C and 21.5 wt% H 2 0 . Further studies show, that this model represents an over simplification, because in the 
reality three or more phases coexist at or near the critical point: two melts, a hypersaline brine and a low-density fluid formed 
by periodic pressure fluctuations and boiling. 
The Pechtelsgriin pegmatite 
Melt and fluid inclusions in pegmatite quartz f rom the Pechtelsgriin/Vogtland tungsten deposit , Germany contain three 
different inclusion types within single growth zones: (i) crystallized melt inclusion composed mainly f rom muscovite and a 
fluid phase (solution + vapour bubble), (ii) fluid inclusion with a sassolite daughter crystal, and (iii) fluid inclusions with a 
large nahcolite daughter crystal. In some inclusions more than two nahcolite crystals are present. 
Boric acid-rich fluid inclusions contain about 5.4 wt% NaCl and 9 .0 wt% H 3 B 0 3 . In addition to NaCl and H 3 B 0 3 this 
solution contains relatively high concentration of dissolved C 0 2 as indicated by a strong Raman band at 1380 cm"1. The 
hydrogencarbonate concentration is below the detection limit. 
In related pegmatites with light blue topaz crystals the primary fluid inclusions are extremely rich in boron species, 
indicated by large daughter crystals of sassolite ( H 3 B 0 3 ) and alkali tetrafluoroborates (NaBF4 , KBF 4 , RbBF 4 , CsBF 4 ) beside 
some unidentified phases. 
The nahcolite-rich fluid inclusions contain 20.9 wt% N a H C 0 3 , 10.3 wt% NaCl, and 68.8 wt% H 2 0 . Such elevated 
nahcolite concentration is unusual for granite-related systems. 
At room temperature the vapour bubble occupies about 28 vol% of the inclusion. During heating the bubble shrinks up to 
about 400°C and then enlarges quickly to a volume of about 50 vol%. At 403°C a new vapour bubble appears inside the large 
vapour bubble, showing the presence of three different phases: two liquid phases (the primary vapour phase changes into a 
liquid phase) and one vapour phase. At this temperature the original vapour phase converts temporarily into a liquid phase. The 
homogenisat ion which is reproducible occurs in the vapour phase by increasing the new formed vapour bubble at 500 + 10°C. 
The fol lowing sequence of phase transitions can be observed (see Diamond, 1996): 
solid + liquid + vapour => liquid + vapour => liquid 1 + liquid 2 + vapour => liquid 1 + vapour => vapour 
The peralkaline pegmatite from the Ames Complex, Namibia 
The Amis complex is a small, distinct intrusion of a peralkaline arfvedsonite granite at the S W edge of the Brandberg 
metaluminous granite in Namibia (Schmidt et al., 2002). 
Numerous melt inclusions, ranging in size between 10 and 150 [im occur in pegmatite quartz. The chemical composi t ions 
of remelted inclusions is characterized by very high f luorine (~5wt%) and carbonate (~5.9wt%) concentrations and by a strong 
peralkaline character (A/CNK = 0.62). The element chemistry of the pegmatitic liquid is unique by some incompatible 
elements (Ti, Zr, and in part Ce, and Y) which are extremely enriched. For example, 10 000 ppm Zr in the pegmati te melt is in 
strong contrast to the values of 440 ppm Zr in the host granite. The solubility of the high field-strength element zirconium is 
directly related to the peralkalinity (mol. prop, of N a 2 0 + K 2 0) /A1 2 0 3 > 1 ) . 
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Precambrian pegmatite from the Renne granite, Bornholm Island, Denmark 
In g raph ic quar tz of the pegma t i t e there a re isolated c lus te rs with t w o types of i nc lus ions . T h e o n e type is the C 0 2 - r i c h , 
h o w e v e r wa te r -poor vapour inc lus ion , o f t e n con ta in ing a smal l nahco l i t e crys ta l of a b o u t 2 -5 v o l % . T h e o t h e r t y p e is an 
e x t r e m e N a H C 0 3 - r i c h inc lus ion . In s o m e cases these inc lus ions con ta in up to 8 0 - 9 0 v o l % c a r b o n a t e s / h y d r o g e n c a r b o n a t e s as 
well as a c a r b o n a t e / h y d r o g e n c a r b o n a t e sa tura ted so lu t ion and on ly a very smal l v a p o u r b u b b l e . A c c o r d i n g t o R a m a n 
spec t roscop ic resul ts the solid phases cons i s t main ly f r o m nahcol i te ( - 7 0 vo l%) , a r a g o n i t e ( 1 0 v o l % ) , and sma l l a m o u n t s of 
s o d i u m and po ta s s ium c a r b o n a t e and calc i te . A small R a m a n band at 9 9 0 cm"' i nd i ca t e s the p r e s e n c e o f t r ace s u l p h a t e s . In 
add i t ion to inc lus ions with the h igh c a r b o n a t e concen t r a t i ons the re a re f lu id i nc lus ions wi th va r i ab le c o n c e n t r a t i o n s o f 
c a r b o n a t e s (5 -20 vo l%) . T h i s inc lus ion type w a s p r o b a b l y f o r m e d b y reac t ion with a s e c o n d a r y l o w t e m p e r a t u r e f l u id . T h e 
mos t l y i sometr ic nahcol i t e - r ich , p r o b a b l y p r i m a r y inc lus ions a re t rapped as c a r b o n a t e mel t g lobu le s . 
T h i s pegmat i t e is an e x a m p l e for s imp le pegmat i t e s , o f t e n re la ted to P r e c a m b r i a n gran i tes , w h i c h c rys t a l l i z ed at g r ea t 
d e p t h s (7 -11 km) w h e r e the typica l p e g m a t i t e - f o r m i n g e l e m e n t s (B, F ) are p resen t o n l y in t races . 
Conclusions 
A c c o r d i n g to our s tudies o n natural f luid and melt inc lus ions , and a l so to o u r e x p e r i m e n t a l work ( V e k s l e r et al . , 2 0 0 2 , 
Veks le r and T h o m a s , 2 0 0 2 ) l iquid immisc ib i l i ty and the supercr i t ica l s t age are key e v e n t s in t he e v o l u t i o n o f p e g m a t i t e s . 
L iquid immisc ib i l i ty is not a s ingular even t . T h e s e p r o c e s s e s takes p l ace at all t i m e s a s l ong as the re a r e mel t s , fo r e x a m p l e , 
a lso at the end of the m e l t - d o m i n a t e d s tage in small s u b s y s t e m c o m p a r t m e n t s s epa ra t ed by la rge c rys t a l s of qua r t z , f e l d s p a r 
and o thers . In the f o l l o w i n g hyd ro the rma l s tage the p r imary mel t s igna tu res are o f t e n b lu r red or w i p e d ou t c o m p l e t e l y . T h e 
resul t ing lack of mel t inc lus ions o f t e n led to mis in te rpre ta t ions of p e g m a t i t e genes i s . In la rge p e g m a t i t e b o d i e s ( T a n c o , 
M o z a m b i q u e , Vo lhyn ia ) the re la t ionsh ip be tween d i f f e r en t inc lus ion types o f t e n is not r e c o g n i z a b l e . So , the o f t e n 
con t rad ic to ry in terpre ta t ion of the V o l h y n i a pegma t i t e genes i s c a n be exp la ined s i m p l e b y the a p p a r e n t i n c o h e r e n c e o f 
d i f fe ren t inc lus ion types . Th i s c o n n e c t i o n is ve ry s e l d o m o b s e r v a b l e . In the re la t ive ly smal l p e g m a t i t e b o d i e s o f 
E h r e n f r i e d e r s d o r f , Pech te l sg rün , and K ö n i g s h a i n this re la t ionsh ip has b e e n p rese rved . F r o m o u r o b s e r v a t i o n o n na tura l me l t 
and f lu id inc lus ions and o u r n e w e x p e r i m e n t a l w o r k the J a h n s - B u r n h a m m o d e l ( 1 9 6 9 ) c o m p l e t e d by the l iqu id - l iqu id 
i m m i s c i b l e concep t can exp la in m o r e or less all steps of the genes i s o f g ran i t e p e g m a t i t e s . 
References 
DIAMOND, L. W . (1996) : I sochor ic pa ths in immisc ib le fluids and the in te rpre ta t ion of m u l t i c o m p o n e n t fluid inc lus ions . 
G e o c h i m i c a et C o s m o c h i m i c a Acta , Vo l . 60 , 20, 3 8 2 5 - 3 8 3 4 
SCHMITT, A. K , TRUMBULL, R. B. , DULSKI, P . , EMMERMANN, R. (2002) : Z r - N b - R E E 
minera l iza t ion in pe ra lka l ine gran i tes f r o m the Amis C o m p l e x , B r a n d b e r g ( N a m i b i a ) : E v i d e n c e fo r m a g m a t i c p r e - e n r i c h m e n t 
f r o m mel t inc lus ions . E c o n o m i c G e o l o g y , 97 , 3 9 9 - 4 1 3 
SOWERBY, J. R. , KEPPLER, H. (2002) : T h e e f f ec t of fluorine, bo ron and e x c e s s s o d i u m o n the cr i t ical c u r v e in the a l b i t e - H 2 0 
sys tem. Con t r ib Mine ra l Petrol 143, 32 -37 
THOMAS, R. , WEBSTER, J. D. , HEINRICH, W . (2000) : Mel t inc lus ions in pegma t i t e qua r t z : c o m p l e t e misc ib i l i ty b e t w e e n s i l ica te 
mel t s and hydrous fluids at low pressure . Contr ib . Mine ra l Pet rol 139, 3 9 4 - 4 0 1 
THOMAS, R. , FÖRSTER, H.-J . , HEINRICH, W . (2003): T h e behav iour of b o r o n in a p e r a l u m i n o u s g r a n i t e - p e g m a t i t e s y s t e m a n d 
assoc ia ted hydro the rma l so lu t ions : a mel t and fluid-inclusion s tudy. Con t r ib . M i n e r a l . Pe t ro l . 144 , 4 5 7 - 4 7 2 
VEKSLER, I. V., THOMAS, R. (2002) : An expe r imen ta l s t udy of B- , P- and F- r ich syn the t i c g ran i t e p e g m a t i t e at 0 .1 and 0 .2 G P a . 
Con t r ib . Minera l . Pet rol . , 143, 6 7 3 - 6 8 3 
VEKSLER, I. V., THOMAS, R. , SCHMIDT, C . (2002) : E x p e r i m e n t a l e v i d e n c e of three c o e x i s t i n g i m m i s c i b l e fluids in syn the t i c 
grani te pegmat i t e . A m e r Mine ra l 87 , 7 7 5 - 7 7 9 
212 
